in men up to 5,000 millions in the bull (Mann, 1954) . It was Walton (1927) who first demonstrated the importance of the number of spermatozoa required for normal fertilization. Since then, the analysis of sperm count was employed as a routine in the determination of male fertility. However, the following facts are highly pertinent (i) 0.3 to 1 million out of 200 millions spermatozoa of a rabbit ejaculate can effect fertilization of about 10 eggs when inseminated into the vagina a); (ii) bull semen may be diluted into 1 to 100 in the practice of artificial insemination (no less than 12 million out of an ejaculated of 5,000 million) without lowering the conception rate (Salisbury, 1946; Willet, 1950) and (iii) a human ejaculate containing 20 millions of spermatozoa/ml. is not necessarily infertile (Jackson and Harvey, 1948; MacLeod et al., 1955 (Chang. 1953) . In practice, it must be emphasized here that unless practically all the spermatozoa ejaculated into the female tract can be killed at once by a spermicidal agent, the prevention of fertilization can hardly be achieved. This is so especially considering the anatomy of female genitale organs, the fast transportation of spermatozoa to the site of fertilization (Van Denmark and Moeller, 1951) , and the mode of copulation as well as the biological mani¬ festation of spermatozoa in vitro and in vivo. I have observed many strong spermicidal agents in vitro, such as detergents which kill all sperm instantly at a dilution of 1 to 10,000 in saline. However, when a concentrated form of detergent was deposited into the vagina of a receptive rabbit, fertilized eggs were obtained (unpublished) . It seems that the hidden folds of the vagina wall and the fast transportation of spermatozoa to the cervical canal at mating prevent the killing of all the spermatozoa ejaculated.
Physiology of germ cells in relation to fertilization
Since the physiological integrity of individual spermatozoa is considered as a very important factor for subsequent fertilization of the eggs, it seems that any measure that impairs spermatogenesis of the normal function of the sper¬ matozoa would lead to partial or complete sterility.
It is known that testicular temperature is a few degrees below body tempera¬ ture (Moore and Quisk, 1924) and that spermatogenesis is retarded or even completely stopped by increasing the normal temperature of the testis, as for example by natural and artificial cryptorchidism (Moore, 1922) or by applying heat to the testis (Fukui, 1923 (Roa, 1939) how far the fever treatment can be used as an anti-fertility measure is difficult to say.
The influence of high altitude upon male fertility was noticed a long time ago. Monge (1943) (1942) reported changes in the pH of the semen and the motility of the spermatozoa, and 50°/o sterility in unacclimatized rams in the Andes. The fertility of the female at high altitudes is, however, unaffected. This was tested experimentally by subjecting male rabbits to low atmospheric pressure (Walton and Uruski, 1946 Cameron (1949) .
By application of ice to the scrotal testis of rabbits, I (1943, 1946 (1943, 1944) reported the sterility of female rabbits when their anal temperature was raised to 109°-110°F (5°-6°F higher than normal) for 20 minutes at about 6V2 hours after mating or on the third day after mating. Pincus and Chang (1953) . This is in agreement with Austin (1948 a) who estimated that no more than a thousand spermatozoa are present in the vicinity of rabbit eggs. Thus after natural mating, the chance of a spermatozoon reaching the site of fertilization is about one in 200,000. This is attributed to the fact that the cervix of the uterus and the tubo-uterine junction function as barriers to prevent the entry of unnecessary or weak sper¬ matozoa Bredan, 1953) . Further analysis by Chang (1955 d) revealed that only about one per cent of spermatozoa ejaculated into the vagina reach the uterus of a rabbit.
In passing, it should be mentioned here that the limitation of spermatozoa at the site of fertilization was presumably to prevent the possibility of polyspermy (Bredan, 1953) , since polyspermy was observed in the rat and rabbit when delayed fertilization occurred (Austin and Braden, 1953) . However, triploidy as a result of polyspermy in delayed fertilization was not observed in the mouse (Gates and Beatty, 1954 (Burdick and Pincus, 1935) , which also offers the possibility of preventing pregnancy. licular cells. Yamane (1930) , Pincus and Enzmann (1935, 1936) (1943) , and Leonard and Kurzrok (1945) produced evidence to show that the enzyme is hyaluronidase which is found in abundance in the testis or in the spermatozoa. They also take the view that the denudation of the eggs is a prerequisite for the penetration of the fertilizing spermatozoon. Thus, the addition of sperm hyaluronidase was claimed to increase the fertiliz¬ ing capacity of rabbit spermatozoa (Rowlands, 1944) and the application of testis hyaluronidase as a therapeutic measure for the male infertility was also advocated (Kurzrok et al., 1946 c). Although we do not know exactly the function of sperm hyaluronidase at fertilization, it is quite possible that the hyaluronidase of a particular spermatozoon may facilitate its penetration of the follicular cell mass and its passage of the zona pellucida of the egg (Chang and Pincus, 1951) . In this respect, even if hyaluronidase plays an important role, the hyaluronidase in the spermatozoa is quite adequate to perform its function.
A hyaluronidase inhibitor, nitrated hyaluronic acid, was reported to affect the fertilization of rabbit eggs (Pincus et al., 1948) . Another hyaluronidase in¬ hibitor, phosphorylated hesperidin, was advocated as an oral antifertility agent (Martin and Beiler, 1952; Seive, 1952) , but when phosphorylated hesperidin was subjected to a crucial test, no anti-fertility reaction was observed . Prevention of fertilization by another hyaluronidase inhibi¬ tor, tri-getistic acid, was studied by Parkes (1953) who concluded that although this compound has no effect orally, but when added to the sperm-suspension for insemination, »the spermatozoon is incapacitated by it in some way or other than, or additional to the neutralization of hyaluronidase«.
I have tested a Fucus extract (kindly supplied by Prof. Runnstrom) which very effectively inhibits the fertilization of sea-urchin eggs (Wicklund, 1954 
Fertilizability of spermatozoa and eggs
The fertilizability of mammalian spermatozoa and eggs is very short. In the rabbit, it was experimentally demonstrated that the fertilizing capacity of sperm in the male tract lasted for several days while in the female tract it lasted no longer than 30 hours (Hammond and Asdell, 1926) . The short life of spermatozoa in the female tract is probably due to the disintegration of sperm in the uterus by uterine contraction and by some biochemical reactions in the uterine lumen d). The rabbit eggs are fertilizable only 6 to 8 hours after ovulation (Hammond, 1934 a). The complete disappearance of corona radiata cells (denudation) occurs about 9-11 hours after ovulation in the absence of sperm. Soon or immediately after the denuda¬ tion, an albumin coat is formed on the zona pellucida of the rabbit egg. The second maturation spindle in the periphery of the egg persists for about 26-38 hours after ovulation, then the chromatin materials scatter in the center of the egg. The loss of fertilizability of the egg in the rabbit is not necessarily due to changes occurring in the egg membrane or in the nuclear material of the egg but it is thought to be due to some changes in the vitelline membrane or in the cytoplasm of the egg a). Though we do not know exactly the fertilizability of human sperm and egg, judging from the investigation of laboratory and farm animals (Horse sperm is exceptional, survival in the female tract may occur for 5-6 days (Day, 1942; Burkhardt, 1949) (Austin and Braden, 1953) and abnormal young (Blandau and Young, 1939; Blandau and Jordan, 1941; Chang, 1952 b (Chang, 1955 b) , it was found that the proportion of fertilization and normal development increased at the tetrad stage of the first maturation division (which normally occurs 4 hours before ovulation). Since nuclear maturation was observed in the majority of the fol¬ licular eggs when transferred into the tubes c) and since the spermatozoa are subjected to a very active physiological and biochemical system in the female tract (Parsons and Hyde, 1940 (Chang, 1949) . It is very peculiar in these respects as one has always to bear in mind the different behavior of germ cells in vitro and in situ. For instance, I have found rabbit seminal plasma kills the fertilized rabbit eggs a), while freshly fertilized rabbit eggs would degenerate in a few hours when transferred into the uterus (Chang, b, 1955 
